The aim of the present study was to determine the effect of different growth regulator rates and nitrogen fertilization levels on yield components and to evaluate their influence on winter wheat productivity. A field experiment with winter wheat 'Muza' was conducted at the Czesławice Experimental Farm, belonging to the University of Life Sciences in Lublin, Poland over the period [2004][2005][2006][2007]. In this experiment, the effect of the studied factors on yield and its components was primarily dependent on weather conditions during the study period.
Introduction
In Poland and in many other countries, winter wheat belongs to crops of great economic importance, which results, among others, from its high yielding ability and the high value of its grain [1, 2] . Due to the high soil, climate, and agronomic requirements of winter wheat, the grain yield obtained can be significantly differentiated by wheat growing conditions [3] . The yield components, which develop during ontogenesis, are the factors that determine the productivity of a winter wheat crop [4] . The contribution of each of these components in determining grain yield, though it is affected by the genetic properties of a particular cultivar, can change depending on growth and development conditions, in particular under the influence of habitat and agronomic factors [5] . The individual yield components develop at different growth stages and the conditions prevailing during these stages are directly translated into the quantitative parameters of these traits. This is evidence of complex interactions both between plants (the crop components) and between the grain yield components [6] . Intravarietal variation can be observed in the spike structure as well as in grain yield per spike and per plant [7] . In the research on wheat yield, it is important to know the relationships between grain weight per spike and the structural characteristics that determine it. In many studies, it has been reported that grain number per spike has a positive effect on yield [8, 9] . Most frequently, number of spikes per unit area, 1000-grain weight, and biological yield are assumed to be the main yield components [6, 10, 11] . In the case of some cereal varieties, however, grain weight per spike and 1000-grain weight can affect yield more than number of spikes per unit area [12] . In the papers on both spring and winter wheat, the negative correlation between 1000-grain weight and number of grains per spike is generally emphasized [13] . Nevertheless, many authors indicate that a deterioration in the value of one yield trait can be compensated by a more beneficial effect of another trait, which can eliminate the decrease in yield within certain limits [14] . The correlations between the above-mentioned traits and relevant agronomic practices are the essential elements that determine grain yield [15] . On the other hand, it is necessary to determine the importance of individual yield contributing factors in order to achieve the desired economic effects [16, 17] .
The selection of the research problem was based on the needs to adapt wheat growing technology to the agronomic requirements of winter wheat. This allowed a research hypothesis to be formulated which assumed that a high and valuable winter wheat grain yield can be obtained with an appropriate level of nitrogen fertilization, adjuvant application, and different rates of plant growth regulators. ], applied at the recommended rates and at rates reduced by 50 and 67%. The retardants were used at the following growth stages of winter wheat: CC at the 1st node stage (BBCH 31); TE and CC + E at the 2nd node stage (BBCH 32). The growth regulators were applied with the adjuvant Atpolan 80 EC (76% of SN 200 mineral oil) or without adjuvant.
Material and methods
Winter wheat 'Muza' , was sown after vetch grown for seed. Tillage for wheat was done following good agricultural practices. Before sowing the crop under study, phosphorus and potassium fertilizers were applied at the following amounts: 40 kg P ha ) at a rate of 1 L ha −1 were used against fungal diseases. The wheat was sown in the third 10-day period of September at a seeding density of 500 germinating seeds per 1 m ) at a rate of 300 mL of the seed dressing per 100 kg of seed.
The study evaluated the effect of the investigated factors on changes in the value of yield components and their contribution to the differences in grain yield per unit area between pairs of experimental treatments. In the case of cereals, the main yield components include the following: spike density per unit area, number of grains per spike, and 1000-grain weight. The calculation formulas proposed by Rudnicki [18] were used for this purpose. Evaluation of the contribution of individual components to a difference in yield is justified when the difference in yield per unit area between two treatments being compared has been proven statistically.
To evaluate the differences between mean values of the treatments, Tukey's test was used at a significance level of α = 0.05. To determine the relationship between winter wheat grain yield and retardant rates, simple correlation coefficients were calculated and a simple linear regression analysis was performed. The calculations were made using Statistica 10 software.
The Compared to the long-term mean, it was lower by 54.8 mm. On the other hand, the mean temperature for the whole growing season was higher by 2.4°C.
Results

Contribution of the yield components to wheat productivity
In the experiment in question, an increase in nitrogen rate from 100 to 150 kg ha , i.e., 1.6%). On the other hand, the 1000-grain weight decreased the grain yield per unit area (by 0.04 t ha −1 ). As a result, the higher yield of wheat fertilized at the rate of 150 kg N ha −1 , compared to the rate of 100 kg N ha −1 , was primarily determined by the spike density (84.0%) and to a lesser extent by the number of grains per spike (21.6%). In 2007, all the three yield components also had a positive effect on the higher yield of wheat fertilized with nitrogen at the rate of 150 kg N ha −1 . The spike density had the greatest percentage contribution (45.8%). In 2007, the number of grains per spike and the 1000-grain weight contributed to the grain yield in 40.9% and 13.3%, respectively (Tab. 2).
The reduction in the retardant rate to 1/3 of the recommended rate caused, depending on the year of the study, a reduction or an increase in grain yield per unit area (Tab. 3). This factor was found to have a significant effect in 2 years of the study. In 2006, the effect of the reduction in the rates of the individual retardants on grain yield was negative, while in 2007 it was positive (Tab. 3). In 2006, all the main yield components had a negative contribution to the grain yield per unit area. Spike density in the treatments with the retardants under study had the strongest effect on the reduction in grain yield (a 51.0-81.0% contribution). In the case of the treatments with Cecefon 465 SL, the number of grains per spike also had a high contribution to the reduction in grain yield (42.5%). Under the conditions in 2007, two yield component traits -spike density (32.1-46.8%) and number of grains per spike (42.3-60.4%) -had the greatest effect on increasing grain yield. In the case of the treatments with Antywylegacz 675 SL and Cecefon 465 SL, the contribution of the number of grains per spike was higher than that of spike density. The 1000-grain weight had a relatively low contribution to the increase in grain yield per unit area (7.5-12.1%).
Relationship of winter wheat grain yield and its components to retardant rates
The winter wheat grain yields were significantly affected by the retardant rates applied. The regression equations describing this relationship are shown in Tab. 4, while the trend graphs in Fig. 1-Fig. 3 . In 2005 and 2007, the grain yield was found to increase when the rates of all the retardants had been reduced. In 2006, this relationship was opposite -a reduction in retardant rates was accompanied by a decrease in winter wheat grain yield. The effect of the retardants was similar and was confirmed in the trend line throughout the study years.
The varied response of winter wheat to the retardant rates applied was certainly dependent on weather conditions. In 2005 and 2007, the air temperature was higher than the long-term mean, while in 2006 its value was lower. Therefore, it can be indicated that in the warmer growing seasons the reduced retardant rates were more effective during the period of crop protection treatments. The full (standard) retardant rates were more effective in the season characterized by a temperature lower than the long-term mean air temperature.
Discussion
In the experiment under discussion, the effect of the studied factors on yield and its components was dependent on weather conditions (including mainly temperature and the amount and distribution of rainfall) during the study period. Many authors stress that the values of yield components are substantially dependent on weather conditions and on soil nutrient availability [15, 19] . Ahmadizadeh et al. [20] and Hannachi et al. [21] showed that aboveground biomass and harvest index were the most important yield variables to be considered under drought conditions. Chrzanowska-Drożdż [22] and Fageria et al. [23] showed that the variation in winter wheat yield and its components was more dependent on different rates of nitrogen and dates of nitrogen application than on the varietal properties and weather conditions during the study period. In our experiment, the increase in nitrogen rate from 100 to 150 kg ha −1 had a significant effect on increasing grain yield per unit area in 2 out of 3 years of the study (2005 and 2007) .
Mądry et al. [24] emphasize that the cereal yield components are strictly related to each other. Deterioration in the value of one yield component trait can be compensated by a high value of another trait and this can reduce a decrease in grain yield. In the study by Weber and Biskupski [25] , the higher yields of winter wheat 'Kobiera' and 'Satyna' , compared to the other cultivars, resulted from the increased number of spikes per unit area as well as from the increased weight and number of grains per spike. In 2007, all the three yield components also had a positive effect on the higher yield of wheat fertilized with nitrogen at the rate of 150 kg N ha −1 , but the spike density had the greatest percentage contribution. The divergent opinions on the strength of the relationship between cereal grain yield and its components are revealed [3] . In the study by Brzozowska et al. [15] , the high spike density per unit area resulted primarily in a decrease in the number of grains per spike and in medium grain filling. On the other hand, Ali et al. [26] revealed that grain yield per plant had a strong and positive genotypic correlation with number of productive tillers per plant and number of grains per spike with maximum direct effects.
There is a high possibility to affect yield components through appropriate agronomic practices, under the influence of which they change to a different degree and often in different directions [22, 27] . The reduction in the retardant rate to 1/3 of the recommended rate caused, depending on the year of the study, a reduction or an increase in grain yield per unit area. The varied response of winter wheat to the retardant rates applied was certainly dependent on weather conditions. Many authors indicate that the effect of yield components on yield quantity cannot be unambiguously determined and a precise determination of optimal crop parameters is difficult due to the specific properties of cultivars and different habitat conditions [18, 29, 30] . Singh and Chaudhary [31] suggested that if the correlation coefficient between a causal factor and the effect (i.e., grain yield) is almost equal to its direct effect, then the correlation explains the true relationship and direct selection through this trait will be effective.
Conclusions
The values of the winter wheat yield components were significantly dependent on weather conditions during the study period. Increased nitrogen fertilization had a significant yield-increasing effect in 2 out of 3 years of the study. In 2005, the winter wheat grain yield was primarily determined by spike density and number of grains per spike (TGW decreased the yield), whereas in 2007 all the three yield components positively influenced the productivity of winter wheat. The retardant rates applied significantly affected the winter wheat grain yield. This effect varied depending on the year.
Zwiększenie dawki azotu ze 100 do 150 kg ha −1 w 2005 i 2007 roku istotnie wpływało na zwięk-szenie plonu ziarna z jednostki powierzchni. W 2005 roku przyrost plonu ziarna następował poprzez zwiększoną obsadę kłosów (o 6.3%) i zwiększoną liczbę ziaren w kłosie (o 1.6%). Masa 1000 ziaren obniżała plon ziarna z jednostki powierzchni (o 0.04 t ha −1 ). W 2007 roku o większym plonie pszenicy nawożonej azotem w dawce 150 kg N ha −1 decydowały dodatnio wszystkie trzy elementy struktury plonu. Plony ziarna pszenicy ozimej istotnie kształtowały stosowane dawki retardantów, ale efekt ich stosowania różnił się w latach badań.
